Abstract Aim of the work: To evaluate the value of real-time ultrasound elastography (RTE) in differentiating benign from malignant breast masses. Materials and methods: This study included, whether palpable or non-palpable, 145 sonographically proven breast masses in 121 patients, imaged by conventional B-mode US, color-flow Doppler US and RTE with histopathological analysis considered as the golden standard reference. Results: Lesions were differentiated into benign and malignant by conventional B-mode US (79; 45.5% and 66; 54.5%, respectively), RTE (80; 55.2% and 65; 44.8% respectively), and histopathology (82; 56.6% and 63; 43.4%, respectively). The mean difference in the mass size was significant between B-mode US and RTE in malignant masses (P = 0.002), while not significant among benign masses (P = 0.153). The B-mode US depicted sensitivity of 92.06%, specificity of 90.24%, PPV of 87.88%, NPV of 93.67% and accuracy of 91.03%, while the RTE showed sensitivity of 98.41%, specificity of 96.34%, PPV of 95.38%, NPV of 98.75% and accuracy of 97.24%. Conclusion: Combined use of RTE can complement conventional B-mode US with improving its diagnostic performance in differentiating breast lesions with subsequent reduction in the rate of unnecessary biopsies in benign lesions.
Introduction
Breast cancer is the most common invasive cancer in women. Worldwide, it accounts for 22.9% of all cancers in women (1) . More than one million women are newly diagnosed with breast cancer each year (2) . A recent decline in cancer mortality is now observed due to improvement in the imaging technologies in addition to a higher degree of health awareness and educational programs (3) .
The role of gray-scale ultrasound (US) has considerably expanded in characterizing focal breast lesions. This is a result of continuous technological advances that have greatly improved both its spatial and contrast resolution (4) . Doppler US is a non-invasive technique capable of aiding evaluation of tumor neovascularization in vivo (5) .
In the last decade, different sonographic methods have been developed to determine the relationship between different structures and their tissue elasticity as well as the potential use of this relationship for diagnosing malignant tumors (6) . Real-time ultrasound elastography (RTE) is a non-invasive dynamic imaging technique that assesses the strain of soft tissues and provides structural information other than the morphologic features shown by conventional B-mode US (7) . It can differentiate between benign and malignant lesions based on their elasticity. Benign lesions have elasticity similar to the surrounding tissue, while malignant lesions are harder than the adjacent tissue (8) . A 5-score system was described by Itoh et al. (8) to classify elastographic findings that can be easily correlated to the American College of Radiology (ACR) Breast Imaging Reporting and Data System (BI-RADS) 5-score classification for B-mode images (9) .
The aim of this study was to evaluate the value of RTE in differentiating benign from malignant breast masses.
Materials and methods
This study was carried out in the period from February 2012 to May 2013 and included 139 consecutive patients with sonographically evident breast masses. Eighteen patients were excluded from the study due to unavailable or indefinite histopathological results. The remaining 121 patients showed 145 sonographically and pathologically proved breast masses either palpable (n = 89) or non-palpable (n = 56). Three of them had 3 mass lesions, 18 had 2 mass lesions and 100 had one mass lesion in each patient. All patients were women except one male patient who was presented with localized disfigurement and palpable retroareolar eccentric mass in his left breast. An official permission to carry out the study was obtained from the local medical research ethics committee. Patient consent to participate in the study was obtained.
The indications of the initial ultrasound examination were abnormalities detected on mammography (n = 92), palpable breast mass (n = 89), localized disfigurement (n = 5), pain (n = 56), abnormal nipple discharge (n = 40), palpable axillary lymph node (n = 87) and asymptomatic screening due to a first or second degree relative with cancer breast Prevalently in benign lesions as well as in the simple cysts.
Strain is seen in the entire hypoechoic area (the entire lesion is shown in green similar to the surrounding tissue).
A tri-stratified pattern of blue, green and red (BGR sign) which is a typical artifact seen in a cystic lesion.
Elasticity Score 2:

Prevalently in benign forms
Strain is seen within most of the hypoechoic area but some areas show no strain (the lesion is a mixture of green and blue).
Elasticity Score 3:
Probably benign.
Strain appears only in the periphery with no strain in the center of the lesion (the centre of the lesion is shown as blue with the periphery in green).
Elasticity Score 4:
Probably malignant.
No strain is measured within the lesion (the entire lesion is shown in blue).
Elasticity Score 5:
Prevalently in malignant forms.
No strain is measured within the lesion nor in the surrounding tissues (the entire lesion and the surrounding tissue are blue). (n = 10). However, more than one cause for the breast scanning could be present in the same patient. Mammographic images were not achieved in 18 patients due to young age 635 years (n = 12), pregnancy (n = 5), and the male patient (n = 1). Histopathological analysis was considered as the golden standard reference and performed for all included patients.
Imaging procedures
Conventional B-mode US, color-flow Doppler US and RTE were performed for all patients in the same session by using an elastographic-compatible linear probe of 10-12 MHz connected to a real-time ultrasound machine (Voluson E8 Ò ; GE Healthcare Technologies, Milwaukee, WI, USA) with pulsed and color Doppler options. The patient was positioned in a supine position with the arms placed behind the head over a pillow.
Both breasts were examined in all patients by conventional B-mode US and images of the target lesions were primarily obtained. A radial-ductal examination was done by placing the transducer perpendicularly to the skin but radially on the breast, with one end overlapping the areola and the other end directed peripherally away from the areola. The transducer was then rotated around the areola. When a duct was recognized, the rotation of the transducer was paused and it was moved back and forth laterally for detailed evaluation of the duct and its branches as well as the lobules. The transducer was then rotated again to reach the next ducto-lobular complex. This procedure was repeated until all ductal structures were evaluated. A second rotating sweep was performed over the upper outer peripheral part of each breast. After recognition of a target lesion on a B-mode US image, color-flow Doppler US and RTE were performed for the lesion.
The US features of the identified breast masses were classified according to the ACR BI-RADS US lexicon, based on the analysis of US descriptors of six morphologic features including the shape, orientation, margin, lesion boundary, internal echo pattern and posterior acoustic features (10) . Lesions with BI-RADS categories 1 and 2 were considered as benign, BI-RADS category 3 as indeterminate, and those with BI-RADS 4 and 5 as malignant (11) . Features suggestive for malignancy were speculation, unparalleled orientation (taller than wide), angular margins, shadowing, branching pattern, hypoechogenicity, calcifications, duct extension, and microlobulations (12) . Features suggestive of benign breast masses included smooth and well-circumscribed hyperechoic, isoechoic or mildly hypoechoic masses with thin echogenic capsule, oval shape, with paralleled orientation (maximum diameter being in the transverse plane), three or fewer gentle lobulations and absence of any malignant findings (13, 14) . Additionally, in order to evaluate the vascularity of the breast mass, which was one of the BI-RADS criteria for US, Numbers in parentheses are percentages, RTE, real-time elastography. * Significant (P < 0.05).
color-flow Doppler US was performed. The color-flow Doppler signals were gained by sweeping the Doppler cursor and adjusting the Doppler sample volume for the optimal angle and location of vessel within or at the margin of the mass. Doppler scores were categorized as 0, 1, or 2 on the basis of the number of tumor arteries and shape of the vessels (6) . A score of 0 was given when no vascularity was found in the mass. A score of 1 was given when one circumferential or central arterial vessel was found in the mass. A score of 2 was given when two or more circumferential or central arterial vessels or a penetrating arterial vessel were found in the mass (6) . The presence of Doppler signals within a breast mass penetrating from the periphery into its center in a branching pattern was strongly suggestive of malignancy, while masses with peripheral vascularity, non-penetrating vessels, and simple non-branching vessels were more likely to be benign than malignant (15) . The elasticity images were obtained with the elasticity color map, superimposed on the B-mode images, and displayed on the left side of a dual-display image while the corresponding B-mode image was on the right in order to maintain continuous real-time visualization. The region of interest (ROI) was set within a box highlighted manually. Each ROI included the breast mass and sufficient surrounding adjacent tissue up to 0.5 cm with inclusion of the subcutaneous layers and pectoralis muscle but without involvement of the costal cartilages. To maintain a constant level of pressure throughout the examination, a standardized external compression was applied to the ROI by using real-time measurements displayed on an indicator-bar with a numerical scale (graded from 1 to 5) which gives a feedback on the compression quality. We applied a maximal pressure of 3 or 4 because strong pressure produces strain even in hard tissue, providing false information. To provide an accurate measurement of tissue distortion, a dedicated software [combined autocorrelation method (CAM); GE Health Care Technologies] was used.
The resultant RTE images were classified according to the classification suggested by the Italian Multi-Center Team (16) which was different from the original classification proposed by Itoh et al. (8) as it considered both solid and cystic lesions using the elasticity score (ES) that ranged from 1 to 5 with lesions of score 1 included masses which depict the typical three layer feature indicative of cystic masses of blue, green and red from the surface to bottom of the mass (BGR sign) ( Fig. 1) . Furthermore, the size of each mass was measured on both B-mode US and RTE then they were statistically compared together. On B-mode US, the size of each lesion was measured in both longitudinal and antero-posterior axes with the highest measurements, including the echogenic halo when visible, were considered for analysis. In addition, on the RTE, the size of a lesion included visible mass margins based on color assignment.
Statistical analysis
The SPSS for Windows version 18.0 software package (SPSS Inc., Chicago, IL) was used for statistical data analysis. Data were expressed as mean ± SD. The paired t-test was used to compare two techniques for each of the benign and malignant cases. The Mann-Whitney test was used for comparing non-parametric data in both benign and malignant cases. The ultrasonographic results obtained were compared using the chi-square and Receiver Operating Characteristic (ROC) curve analysis. The diagnostic sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) and accuracy were calculated, with the final histopathological diagnosis as the reference standard. P-value <0.05 was considered statistically significant.
Results
One hundred and twenty-one patients with 145 breast masses were included in this study. Their ages ranged from 20 to 69 years with a mean of 44.8 ± 10.1 years. According to the BI-RADS analysis of the B-mode US, and before histopathology, benign masses were 79 (54.5%) and the malignant masses were 66 (45.5%). According to the ES, before histopathology, benign masses were 80 (55.2%) and malignant masses were 65 (44.8%). Final histopathological results revealed 82 (56.6%) benign masses and 63 (43.4%) malignant masses (Table 1 and Fig. 2 ). The benign masses were: 41 (50%) lesions of fibroadenoma, 8 (9.7%) lesions of simple cysts, 7 (8.5%) fibrocystic disease, 7 (8.5%) lesions of tubular adenoma, 6 (7.3%) lesions of lipoma, 4 (4.9%) lesions of intraductal papilloma, 3 (3.7%) lesions of intramammary lymph node, 3 (3.7%) lesions of hamartoma, 1 (1.2%) lesion of fat necrosis, 1 (1.2%) lesion of radial sclerotic lesion and 1 (1.2%) lesion of atypical intraductal hyperplesia. The malignant masses included: 43 (68.3%) lesions corresponded to invasive ductal carcinoma (IDC), 8 (12.6%) lesions of ductal carcinoma in situ (DCIS), 5 (7.9%) lesions of invasive tubular carcinoma, 3 (4.8%) lesions of medullary carcinoma, 2 (3.2%) lesions of intracystic papillary carcinoma, one (1.6%) lesion of infiltrating lobular carcinoma and one (1.6%) lesion of malignant phyllodes tumor.
The Mann-Whitney test showed that the mean ranks of BI-RADS categories, elasticity scores and color-flow Doppler US scores were significantly increased among malignant cases (P < 0.001 for each comparison), (Tables 2-4) .
In malignant masses, the mass size ranged from 7 to 38 mm with a mean of 11.891 ± 4.392 mm by the B-mode US and ranged from 8 to 40 mm with a mean of 14.868 ± 5.659 mm by the RTE. In benign masses, the mass size ranged from 5 to 19 mm with a mean of 9.06 ± 4.34 mm by the B-mode US and ranged from 5 to 22 mm with a mean of 9.997 ± 3.64 mm by the RTE. The mean difference in the mass size was significant between the B-mode US and the RTE in malignant masses (P = 0.002), while not significant among benign cases (P = 0.153), (Table 5) .
In differentiating benign and malignant breast masses, the RTE showed significantly higher capability than the B-mode US (P < 0.001), in which B-mode US depicted sensitivity of 92.06%, specificity of 90.24%, PPV of 87.88%, NPV of 93.67% and accuracy of 91.03%, while the RTE showed sensitivity of 98.41%, specificity of 96.34%, PPV of 95.38%, NPV of 98.75% and accuracy of 97.24%. However, there was a significant agreement (P < 0.001) between B-mode US and RTE in differentiating benign and malignant breast masses (Tables 6-8 ).
Cases
The figures from Figs. 3-16 demonstrate a sample of selected cases of our study, each figure outlines one case.
Discussion
Non-invasive diagnosis of the breast masses with imaging modalities remains one of the major concerns. Diagnostic US, the oldest of the cross-sectional imaging modalities, has struggled in recent years to stay competitive with the technical advancements in computed tomography and magnetic resonance imaging (18, 19) . Sonography is the primary workup tool in young women. It is considered as a sensitive modality for detection of breast cancers, which is one of the varieties of factors leading to false-negative findings on mammography (20) . The diagnosis of breast masses by B-mode US depends mainly on their morphologic criteria. Biopsy is an indispensable method to confirm malignancy. Increased numbers of aggressive biopsies performed for benign abnormalities is an additional problem due to risk of infection, resultant anxiety, discomfort and increased costs (7) . Continuous progression and recent innovation in sonographic diagnosis and related softwares, including Doppler techniques and imaging of tissue elasticity, strengthened the diagnostic capability of the B-mode US in breast pathology with subsequent reduction in the number of biopsies for benign lesions (9, 18, 20) .
From the diagnostic point of view, our results confirmed high sensitivity (92.06%) and a relatively low specificity (90.24%) with 8 lesions shows false-positive results with accuracy of 91.03% on the B-mode US. Moreover, the Mann-Whitney statistical test revealed that the mean rank of Fig. 3 (A-F) A thirty year old female patient with two simple cysts of the right and left breasts with BI-RADS 2 and ES 1. Conventional B-mode US images of the right (3.57 · 2.56 cm) (A and B) and left (0.97 · 0.80 cm) (D and E) breasts demonstrate two homogeneously hypoechoic cystic lesions of BI-RADS 2 and with anechoic contents, parallel orientation and circumscribed regular smooth margins as well as slight posterior acoustic enhancement (red arrows) which is obviously seen in the smaller cyst in the left breast that shows a characteristic cluster of small cysts. The RTE images (C and F) reveal the tri-laminar appearance and positive BGR sign characteristic of simple cystic masses with ES 1 which proved by cytological analysis. BI-RADS categories was significantly increased among malignant cases (P < 0.001). This is in close conformity with results reported by Ikeda et al. (21) who found that B-mode US based on the criteria of the BI-RADS had the sensitivity of 93.9%, specificity of 88.3% and accuracy of 90.6% for all breast lesions. Also, our results are approximately consistent with the studies of Thomas, et al. (22) (sensitivity of 91.8% and specificity of 78%) and Navarro et al. (9) (sensitivity of 96.6%, specificity of 76.9%). These slight differences may be probably attributed to different prevalence of breast cancer, different patient selection criteria as well as difference in the number of the studied lesions and differences in the used equipments.
The vascular flow is noticed in almost all masses, malignant as well as benign. The color-flow Doppler US enables clear visualization of blood vessels (6) . As revealed in a previous study done by Cho et al. (6) , our results demonstrated that the mean ranks of color-flow Doppler US scores were significantly increased among the malignant cases (P < 0.001). Additionally, we demonstrated that benign masses lacked the irregular, branching, penetrating and chaotic vessels which were clearly seen in malignant masses. This goes with the results obtained by Kubota et al. (23) who reported that pattern of vascularity in malignant breast lesions was predominantly central and/or penetrating with branching vascular shape. However, Cho et al. (6) mentioned that, some of the DCIS, the lobular carcinoma, the papillary carcinoma, and the malignant phyllodes tumor lacked most or all of the malignant Doppler features. This is in accordance with our results as we recognized a relatively low vascularity with color-flow Doppler US of score 1 in a lesion of infiltrating lobular carcinoma (Fig. 6) , a lesion of phyllodes tumor (Fig. 10 ) and a lesion of intracystic papillary carcinoma (Fig. 11) . Additionally, we recognized avascular lesion with score 0 on color-flow Doppler US confirmed to be DCIS by histopathology (Fig. 7) .
The intrinsic elasticity of biological tissue is altered by pathological processes. Since the RTE depicts functional tissue elasticity changes, its addition to B-mode US increased the per- formance in interpretation and final evaluation of breast masses (24, 25) . The RTE has been developed as an alternative to breast biopsy with subsequent reduction in the number of biopsies as it provides information of tissue hardness. In clinical practice, elastography is not used independently, but joined to B-mode US for proper diagnosis of breast cancer especially in indeterminate lesions of categories 3 and 4 BI-RADS (8, 18) . The interpretation criteria in elastography consist of the qualitative parameter ''elasticity score; ES'' and the quantitative parameter ''strain ratio; SR''. Breast masses of ES 1 or 2 are categorized as benign masses, whereas masses with ES 4 or 5 were categorized as malignant. However, there is an approximately 4-24% false-negative rate in breast lesions interpreted as ES 2 and no malignant lesions among those interpreted as ES 1 (26) .
In this series, we used the ES and evaluated the diagnostic performance of RTE in differentiating breast masses. In corroboration with findings reported by prior researchers (20, 24, 26) our results revealed that the RTE showed a higher specificity (96.34%) and lower false negative results compared to the B-mode US (specificity of 90.24%) with significantly (P < 0.001) higher capability in differentiating breast lesions especially in indeterminate lesions of BI-RAD 3 category. Additionally, our results demonstrated that, the B-mode US had sensitivity of 92.06%, PPV of 87.88%, NPV of 93.67% and accuracy of 91.03%, while the RTE showed the sensitivity of 98.41%, PPV of 95.38%, NPV of 98.75% and accuracy of 97.24%. However, we observed a significant agreement between B-mode US and RTE in differentiating breast masses (P < 0.001). This is similar to results of Fleury et al. (27) who reported that the diagnostic accuracy of RTE is 97.7%. The value of RTE in characterization of cystic breast lesions has not yet been established. However, the stiffness of the target tissue adjacent to the cystic component, which likely tends to be very soft, might be overestimated (24) . Our results corroborate findings reported by previous studies (19, 24, 28, 29) as our patients with simple breast cysts depicted the characteristic three layer pattern of blue-green-red pattern (positive BGR sign) with blue being the superficial color and red the deep one, with an ES of 1, even in large dimension lesions. This pattern was explained to be an aliasing artifact (29) . However, cystic lesions of the breast may show the target or bull's-eye appearance with the use of other machines that was explained by the subtle motion of the fluid (30) .
Breast fibroadenomas appeared softer or of the same elasticity as adjacent glandular tissue with ES 1 or 2 (19, 20, 31) . The current study revealed that all lesions with ES 1 and most of lesions with ES 2 were benign and the lesions diagnosed as fibroadenoma, were also with ES of 1 or 2. However, three masses of BI-RAD categories 4 and 5 with ES 2 were malignant. They were histologically diagnosed as non-scirrhous IDC in one mass and DCIS in another one mass. The remaining mass with BI-RAD 4 category, revealed a false negative result of ES 2, as it was misdiagnosed as benign lesion which was later confirmed to be infiltrating lobular carcinoma by histopathology. This is in agreement with Giuseppetti et al. (32) who reported false-negative findings in solid breast masses with ES 2 including invasive carcinoma with mixed ductal and lobular features, lobular carcinoma, and ductal carcinoma. Noteworthy, non-scirrhous carcinomas appear softer at elastography because they contain more cellular tissue than scirrhous carcinomas. Additionally, lesions interpreted as ES 2 could sometimes be false-negative cases which may be due to tumor heterogeneity (19, 21, 31) .
While Itoh et al. (8) grouped breast masses of ES 3 as most likely benign, our results depicted 8 (33.3%) malignant masses out of 24 breast masses with ES 3. Also, Raza et al. (10) reported a positive malignancy rate of 30% among masses with ES 3 and they considered lesions with ES 3 as indeterminate lesions that in need for histopathologic confirmation.
As in previous studies (8, 20, 21) , we found that most of masses with ES 4 (28/41) and all masses with ES 5 (25/25) were malignant. Three masses out of those 28 malignant masses with ES 4 were confirmed by histopathology to be benign lesions (2 radial sclerotic lesions and one atypical intraductal hyperplasia). Noteworthy, Navarro et al. (9) and Lindaa et al. (33) described the radial sclerotic lesion as a false-positive sonographic finding of BI-RAD 4, highly suggestive of malignancy but histologic examination revealed its benign nature.
While the overwhelming majority of human cases occur in women, male breast cancer can also occur. It is about 100 times more common in women than in men and it accounts for less than 1% of total male breast lesions, although men tend to have poorer outcomes due to delayed diagnosis (2) . The most common cancer in the male breast is the IDC (34). Fig. 13 (A and B) A fifty-nine year old male patient presented with localized disfigurement with palpable mass of the left breast of BI-RAD category 5 and elasticity score 4, confirmed to be schirrous invasive ductal carcinoma (IDC). Conventional B-mode US image (A) depicts a BI-RAD 5 non circumscribed, non parallel, heterogeneous hypoechoic mass with irregular speculated margins and posterior acoustic shadowing as well as dots of calcifications. It is seen in the eccentric retroareolar region of the breast, extends to the nipple and measures 1.6 · 1.9 cm. The RTE elastogram image (B) reveals ES 4. Fig. 14 (A-D) A sixty-three year old female patient presented with localized disfigurement and palpable breast mass of the left breast confirmed to be scirrhous invasive ductal carcinoma (IDC). Cranio-caudal and mediolateral oblique mammographic view images (A and B, respectively) show a hyperdense speculated mass with microcalcification in the lower inner quadrant of the left breast with BI-RAD5. Conventional B-mode US image (C) depicts an irregular, non circumscribed heterogenous mass (2.7 · 3.9 cm), with non parallel orientation, speculated margins and posterior acoustic shadowing. The RTE image (D) reveals ES 4. Fig. 15 (A-B) A fifty-nine year old female patient presented with localized disfigurement and a palpable breast mass of the left breast, which was a false-positive sonoelastographic finding highly suggestive of malignancy with BI-RAD 5 and ES 4, but histopathologic examination revealed a benign nature of the mass, which confirmed to be radial sclerotic lesion. Conventional B-mode US image (A) depicts an irregular, non circumscribed hypoechoic mass (1.6 · 0.9 cm), with echogenic halo, speculated margins and posterior acoustic shadowing. The RTE image (D) reveals ES 4.
The current study demonstrates a solo case of male patient with palpable, retroareolar, irregular breast mass with focal disfigurement of BI-RAD 5 and ES 4 confirmed by histopathology to be scirrhous IDC (Fig. 12) .
Benign breast masses show even strain, whereas breast cancers show no strain in lesions or in surrounding areas (35) . This is explained to be as a result of stromal response to breast cancer, which causes myofibroblasts to produce collagen and extracellular matrix proteins that increase the stiffness of the malignant mass and its surrounding tissue as well. This strain difference is used as a means of producing contrast in elastography and in contrary does not cause contrast differences in Bmode US images. Subsequently, the measurements of the transverse diameters of malignant masses on RTE are invariably larger than those measured on B-mode US. This size discrepancy is considered as the key in differentiation of solid breast masses by elastography. So, in our study, a translucent display of the elasticity image was superimposed on the conventional B-mode US image, which offered distinct advantages when lesion sizes are compared (6) . Our results demonstrated a significant difference (P = 0.002) between the mean size of malignant breast masses on B-mode US compared to that on RTE. On the other hand, there was no significant difference in benign masses (P = 0.153). This is also reached by prior studies (6, 10, 35) .
Regrettably, our study faced some limitations. First, unfeasibility to avoid bias based on the gray-scale appearance of a lesion when analyzing B-mode and RTE images positioned side by side to consign the ES of each mass lesion. Second, we considered the non-use of the SR and the shear wave elastography with supersonic techniques to evaluate their accuracy in the diagnosis of breast masses, because of lack of the software required for such sequences in our machine. However, the ES and SR methods appeared to have similar diagnostic potential for differentiating breast masses (36) . Moreover, the shear wave elastography has limitations such as the difficulty in measuring shear wave velocity in very stiff breast lesions. In this type of lesions, RTE has demonstrated a high sensitivity which can compensate for the limitations of shear wave elastography (37) . Finally, the relatively small number of the studied patients is another limitation. These limitations of RTE require to be addressed in larger studies with adding more quantitative methods for elasticity assessment.
In summary, breast RTE becomes a focus of considerable interest as a promising tool for the diagnosis of breast lesions in clinical practice. The RTE is significantly helpful particularly in complex cysts and indeterminate lesions classified as BI-RAD 3 or 4. It depicts sufficient specificity (96.34%) with high sensitivity (98.41%), NPV (98.75%), PPV (95.38%) and accuracy (97.24%). Additionally, we believe that the combined use of RTE and color-flow Doppler US can complement conventional B-mode US with improving its diagnostic performance in distinguishing benign from malignant breast lesions with subsequent reduction in the rate of unnecessary biopsies in benign lesions. Fig. 16 (A-B) A forty-nine year old female patient presented with a palpable breast mass of the right breast, which was a falsepositive sonoelastographic finding with BI-RAD 5 and ES 4, but histopathologic examination revealed a benign nature of the mass, which confirmed to be atypical intraductal hyperplasia. Conventional B-mode US image (A) shows a small pseudonodular mass of BI-RAD 5 category with an irregular, hypoechoic mass (1.5 · 1.9 cm), with echogenic halo and lobulated outline with posterior acoustic shadowing. The RTE image (B) reveals ES 4.
